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ABSTRACT 

The p r o b a b i l i t y  of success fu l ly  landing t h e  l una r  
module (LM) i n  a c i r c u l a r  o r  p o i n t  t a r g e t  area can be  increased  
by p rope r ly  b i a s i n g  t h e  i n i t i a l  a i m  p o i n t  and then  using t h e  
landing  p o i n t  des igna to r  (LPD) t o  make a r edes igna t ion  t o  t h e  
t a r g e t .  Errors  involved i n  t h e  ope ra t ion  of t h e  LPD reduce 
t h e  p r o b a b i l i t y  of landing i n  t h e  t a r g e t  below t h a t  which  would 
r e s u l t  from an e x a c t  redes igna t ion .  LPD errors arise from 
f o u r  major sources :  IMU errors, LPD o p t i c a l  inaccuracy ,  abso- 
l u t e  a l t i t u d e  errors, and e r r o r s  due t o  r edes igna t ion  quan t i -  
z a t i o n  s i z e .  I n  any p a r t i c u l a r  case, both  t h e  p r o b a b i l i t y  
of success  and t h e  r educ t ion  i n  p r o b a b i l i t y  due t o  t h e s e  LPD 
errors depend on t h e  a l t i t u d e  of r e d e s i g n a t i o n ,  t h e  t a r g e t  
area r a d i u s ,  t h e  r edes igna t ion  del ta-V budget ,  and t h e  LM 
automat ic  landing  error e l l i p s e .  
t h e  p r o b a b i l i t y  of success  i s  maximized by r edes igna t ing  a t  
t h e  g r e a t e s t  pe rmis s ib l e  a l t i t u d e .  
made a t  t h i s  a l t i t u d e  w i l l  r e s u l t  i n  t h e  m a x i m u m  p r o b a b i l i t y  
i n  any p a r t i c u l a r  case.  
t h e  p r o b a b i l i t y  of success  below this azxh~xi i .  These SL'L'GL' 
e f f e c t s  are g r e a t e s t  f o r  r edes igna t ions  a t  t h e  g r e a t e s t  per- 
m i s s i b l e  a l t i t u d e ,  s m a l l  t a r g e t  areas, l a r g e  r edes igna t ion  

t i o n  procedures  which involve  m u l t i p l e  r e d e s i g n a t i o n s  o r  a 
r e d e s i g n a t i o n  a t  t h e  optimum a l t i t u d e  f o r  each des igna ted  landing 
p o i n t  are e f f e c t i v e  means of reducing LPD error e f f e c t s .  
i s  p o s s i b l e ,  however, t h a t  i n  some cases t h e  LPD e r r o r  e f f e c t s  
w i l l  be s m a l l  enough so  t h a t  a r edes igna t ion  procedure no more 
complex than  a s i n g l e  r edes igna t ion  a t  a p re sc r ibed  a l t i t u d e  
w i l l  be  warranted.  

For a s i n g l e  r edes igna t ion ,  

An e x a c t  r edes igna t ion  

The e f f e c t  of LPD e r r o r s  i s  t o  reduce 

deita-V budgets ,  arid smaii landiiig e r r ~ r  zllipses. DniJncirrna- L.LubL.)AyaI- 

I t  
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MEMORANDUM FOR FILE 

INTRODUCTION 

E a r l i e r  s t u d i e s  have considered t h e  use of t h e  
landing  p o i n t  des igna to r  (LPD) t o  land t h e  l u n a r  module (LM) 
i n  a c i r c u l a r  or p o i n t  target a rea .  I n  t h e s e  s t u d i e s ,  t h e  
p r o b a b i l i t y  of landing i n  the  t a r g e t  a r e a  w a s  maximized by 
p rope r ly  b i a s i n g  t h e  i n i t i a l  aim p o i n t  and then  making a 
s i n g l e  landing p o i n t  redes igna t ion  t o  t h e  t a r g e t .  This  re- 
d e s i g n a t i o n  was assumed t o  be made wi thout  error. I n  p r a c t i c e ,  
however, t h e  e r r o r s  introduced through t h e  ope ra t ion  of t h e  
LPD are s i g n i f i c a n t .  The magnitude of t h e s e  e r r o r s  depends 
l a r g e l y  on t h e  geometry of t h e  LM descen t  t r a j e c t o r y  and  i n -  
creases as t h e  a l t i t u d e  of redes igna t ion  increases. However, 
s i n c e  t h e  r edes igna t ion  c a p a b i l i t y  i n  d i s t a n c e  of a given 
r e d e s i g n a t i o n  delta-V budget a l s o  increases wi th  a l t i t u d e ,  
t h e r e  may be an optimum a l t i t u d e  a t  which the  r edes igna t ion  
shou ld  be made i n  o rde r  t o  maximize the p r o b a b i l i t y  of success-  
f u l l y  landing i n  t h e  target area .  Ir: a d d i t i e n ;  a second rede- 
s i g n a t i o n  made l a t e r  i n  t h e  d e s c e n t  can compensate f o r  e r r o r s  
a r i s i n g  from t h e  i n i t i a l  redes igna t ion  and t h u s  i n c r e a s e  the  
p r o b a b i l i t y  of landing i r i  t h e  t a r g e t  area. 

REDES IGNATION ASSUMPTIONS 

I t  i s  desired. t o  f ind  t h e  method of us ing  t h e  LPD t o  
make one or more landing po in t  r edes igna t ions  such t h a t  t h e  
p r o b a b i l i t y  of landing wi th in  a given c i r c u l a r  a r e a  i s  maxi- 
m i  zed. 

1. 

2. 

3 .  

I t  i s  assumed t h a t :  

Only l e f t  and/or downrange r edes igna t ions  a r e  
accep tab le .  

Redesignation c a p a b i l i t y  in d i s t a n c e  is d e t e r -  
mined by t h e  redes igna t ion  delta-V budget and 
t h e  a l t i t u d e  a t  which the redes igna t ion  is  made 
as shown i n  Figures l a  and b. 

All redes igna t ions  are e f f e c t e d  in s t an taneous ly .  

3 
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4 .  A l l  d i s p e r s i o n s  a re  normally d i s t r i b u t e d .  

5. The descen t  t r a j e c t o r y  f o r  t h e  Apollo 11 mission 
i s  used. 

6 .  Redesignat ions above an a l t i t u d e  of 5 , 0 0 0  f t .  a r e  
n o t  permi t ted .  

SINGLE REDESIGNATION WITH LPD ERRORS 

The method of using t h e  LPD t o  maximize t h e  pro- 
b a b i l i t y  of landing  t h e  UI within a c i r c u l a r  area using a 
s i n g l e ,  e x a c t  r edes igna t ion  a t  a given a l t i t u d e  is  presented  
i n  Reference 2 .  For crossrange and downrange r edes igna t ion  
c a p a b i l i t i e s  p and p and a t a rge t  a r e a  T of r a d i u s  A ,  any 
e v e n t u a l  landing  p o i n t  which i s  des igna ted  by t h e  LPD t o  be 
w i t h i n  t h e  area R ,  shown i n  F igure  2 ,  w i l l  a l low a redesigna-  
t i o n  t o  the t a r g e t  t o  be made. R is  assumed t o  be bounded by 
a q u a r t e r  e l l i p s e  of semi-axes p + A and p + A .  The i n i t i a l  

, i s  b ia sed  uprange and aim p o i n t  0, w i t h  coord ina tes  ( p x ,  

t o  t h e  r i g h t  of t h e  t a r g e t  so t h a t  t h e  p r o b a b i l i t y  of landing 
i n  R ,  g iven  by 

Y X 

X Y 
IlY 

where u and u are t h e  downrange and crossrange  s tandard  de- 

v i a t i o n s  of  t h e  LM automatic landing  error e l l i p s e ,  is maximized. 
X Y 

I n  r e a l i t y ,  however, t h e  ope ra t ion  of the LPD i n  making 
a landing  p o i n t  redes igna t ion  involves  some degree of e r r o r .  Thus, 
it i s  n o t  t r u e  t h a t  fo r  any des igna ted  landing  p o i n t  w i t h i n  R ,  
t h a t  is ,  w i t h i n  t h e  redes igna t ion  c a p a b i l i t y ,  the p r o b a b i l i t y  of 
s u c c e s s f u l l y  r edes igna t ing  to  t h e  t a r g e t  i s  1 0 0 % .  For each de- 
s i g n a t e d  landing  p o i n t  A ,  a r edes igna t ion  t o  T w i l l  be s u b j e c t  t o  
Some downrange and crossrange LPD errors de f ined  by s tandard  devia-  
t i o n s  u '  and u I, and t h e  p r o b a b i l i t y  of s u c c e s s f u l l y  r edes igna t ing  
t o  T w i l l  be somewhat less  than 100%. 

X Y 

I n  o r d e r  t o  f i n d  the o v e r a l l  p r o b a b i l i t y  of reaching  T, 
Given t h e  i n i t i a l  aim every  p o s s i b l e  p o i n t  A must be  considered.  

p o i n t  0 and t h e  s t anda rd  dev ia t ions  of t h e  automatic  landing  e r r o r  
e l l i p s e ,  u and t h e  p r o b a b i l i t y  of  landing  i n  a given squa re  

X Y '  
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area about  A can be determined by i n t e g r a t i n g  the t w o  dimen- 
s i o n a l  p r o b a b i l i t y  func t ion  def ined by 04 and o '  over a r e a  A. 

For every p o i n t  A ,  t he  optimum redes igna t ion  i s  made t o  t h a t  
p o i n t  B which i s  wi th in  the redes igna t ion  c a p a b i l i t y  of t h e  LM 
a t  t h e  g iven  r edes igna t ion  a l t i t u d e  and which maximizes t h e  
p r o b a b i l i t y  of landing  i n  T. This procedure is  i l l u s t r a t e d  i n  
F igu re  3 .  Thus, f o r  every  p o i n t  A, t h e  p r o b a b i l i t y  of success-  
f u l l y  r edes igna t ing  t o  T can be determined by i n t e g r a t i n g  t h e  
p r o b a b i l i t y  func t ion  def ined  by s t anda rd  dev ia t ions  a i  and a '  

Y 
over  T w i t h  the aim p o i n t  coord ina tes  be ing  those of t h e  optimum 
r e d e s i g n a t i o n  p o i n t  B. The p r o b a b i l i t y  of landing i n  T f o r  an 
o r i g i n a l l y  des igna ted  landing p o i n t  A then i s  given by t h e  pro- 
d u c t  of the  p r o b a b i l i t y  of landing i n  area A t i m e s  the proba- 
b i l i t y  of s u c c e s s f u l l y  r edes igna t ing  t o  T f r o m  A. The o v e r a l l  
p r o b a b i l i t y  of landing  i n  T i s  then  g iven  by t h e  summation of 
t h e  p r o b a b i l i t y  of landing i n  T for  each A over  a l l  A .  The 
i n i t i a l  aim p o i n t  0 is  chosen so  as t o  maximize th i s  o v e r a l l  
p r o b a b i l i t y .  

Y 

SOURCE OF LPD ERRORS 

T h e  error e l l i p s e  associated w i t h  r edes igna t ion  t o  a 
p a r t i c u l a r  p o i n t  us ing  t h e  LPD and de f ined  by s t anda rd  devia- 
t i o n s  o i  and o '  arises from four  main sources .  
sou rces  are I M U  e r r o r s ,  LPD o p t i c a l  i naccurac i e s ,  a b s o l u t e  a l -  
t i t u d e  errors, and errors due t o  r edes igna t ion  q u a n t i z a t i o n  s i z e .  

These error 
Y 

LM descen t  s imula t ions  inco rpora t ing  3a I M U  errors 
show t h a t  inaccurac i e s  during t h e  r e l a t i v e l y  s h o r t  t i m e  between 
hi-gate and touchdown are minor. 4 

The 3a accuracy i n  o p t i c a l l y  determining the even tua l  
landing  p o i n t  of t h e  LM using the LPD has been c a l c u l a t e d  t o  be 

about  * l . 0 ° .5  
read the scribed scale on the LM window accura t e ly .  

These errors a r i s e  p r i m a r i l y  from an i n a b i l i t y  t o  

F igure  4 shows the a l t i t u d e  error e f f e c t  on LPD down- 
range accuracy due t o  t e r r a i n  h e i g h t  d i f f e r e n c e  between t h e  
landing  s i t e  and the c u r r e n t  LM pos i t i on .6  
a l t i t u d e  errors produce no crossrange landing s i t e  d e v i a t i o n s .  
The LM l anding  r a d a r  weighting func t ion  h e l p s  t o  minimize the 
e f f e c t s  of s h o r t  term a l t i t u d e  v a r i a t i o n s  of t h e  l u n a r  t e r r a i n  
such as i s o l a t e d  peaks or  c r a t e r s .  A l t i t u d e  errors are mainly 
a r e s u l t  of a long term, gene ra l  s l o p e  of the l u n a r  s u r f a c e  
rather than  s t e e p ,  l o c a l i z e d  s lopes .  The 3a t e r r a i n  s l o p e  of 
the l u n a r  s u r f a c e  i s  assumed t o  be lo for  t h e  primary Apollo 
l and ing  sites. Thus, the 3a a l t i t u d e  error is assumed t o  be 
g i v e n  by 

Notice tha t  a b s o l u t e  

= ( range t o  go) x ( t a n  lo) E a l t  
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The 30 downrange error due t o  a l t i t u d e  e r r o r s  i s  given by 

- 
Edownr ange - E a l t  

t a n  a 

where c1 i s  t h e  f l i g h t  pa th  a n g l e  of t h e  LM descen t  t r a j e c t o r y .  
L a t e r  landing si tes might poss ib ly  have a s t e e p e r  s l o p e  along 
t h e  approach pa th .  This approximation would then  have t o  be 
r ev i sed .  Landing r a d a r  inaccuracy would produce t h e  same down- 
range e r r o r  e f f e c t  a s  an a l t i t u d e  v a r i a t i o n ;  however, t h e  effects  
of landing  r a d a r  errors a r e  n e g l i g i b l e  when compared t o  even a 
1' l una r  s lope .  

I n  making a redes igna t ion  t o  a s p e c i f i c  p o i n t ,  errors 
a l s o  a r i s e  from t h e  f a c t  t h a t ,  due t o  LPD p u l s e  s i z e ,  redesigna-  
t i o n s  can be made only i n  increments of 1 / 2 O  downrange and 2 O  

crossrange .  Thus t h e r e  e x i s t  p o s s i b l e  e r r o r s  up t o  1/4" down- 
range and 1' c ioss range  f o r  a p a r t i c u l a r  r edes igna t ion  a t  a q iven  
a l t i t u d e .  These e r r o r s  a r e  not normally d i s t r i b u t e d  about the 
d e s i r e d  aim p o i n t .  However, i n  o rde r  t o  combine e r r o r s  due t o  
this source  wi th  those  from t h e  o t h e r  LPD e r r o r  sou rces ,  they 
w e r e  approximated by a normal d i s t r i b u t i o n  curve w i t h  30 e q u a l  
t o  1 / 4 "  downrange and 1' crossrange.  A t o t a l  LPD 30 error e l l i p s e  
f o r  l e f t  and downrange redes igna t ions  can then be obta ined  by 
t a k i n g  t h e  r o o t  - sum - square of t h e  e r r o r s  due t o  each of t h e  
f o u r  e r r o r  sources .  Values of a i  and u ' along w i t h  t h e i r  c o m -  

poiients from each e r r o r  s o - ~ r c e  In -*-:+ U l L l L S  Gf fee t  a? Lhe s c r f a c e  
of t h e  moon a r e  p l o t t e d  as  a func t ion  of t h e  a l t i t u d e  of re- 
d e s i g n a t i o n s  i n  F igure  5.  

Y 

PROBABILITY REDUCTION DUE TO LPD ERRORS 

Maximum P o s s i b l e  P r o b a b i l i t y  

A s i n g l e  redes igna t ion  wi thout  error made a t  t h e  
h i g h e s t  a l lowable a l t i t u d e  r ep resen t s  t h e  upper bound on t h e  
p r o b a b i l i t y  of s u c c e s s f u l l y  landing i n  t h e  t a r g e t  a r e a  f o r  any 
t a rge t  r ad ius  A and r edes igna t ion  delta-V. This  f a c t  can be 
i l l u s t r a t e d  by a re-examination of F igure  2 .  For a s i n g l e  re- 
d e s i g n a t i o n  made a t  t h e  h ighes t  a l lowable  a l t i t u d e  t h e  a r e a  R 
i s  a maximum s i n c e  t h e  redes igna t ion  c a p a b i l i t y  i s  g r e a t e s t .  
For an e x a c t  r edes igna t ion ,  any des igna ted  landing p o i n t  w i t h i n  
R allows a redes igna t ion  t o  t h e  t a r g e t  t o  be made wi th  1 0 0 %  pro- 
b a b i l i t y  of success .  The p r o b a b i l i t y  of reaching T with an 
exact r edes igna t ion  then  is simply t h e  p r o b a b i l i t y  of landing  
i n  R w i thou t  a r edes igna t ion .  The i n i t i a l  a i m  p o i n t  0 i s  chosen 
s o  t h a t  t h e  p r o b a b i l i t y  of landing i n  R i s  a maximum. I f  re- 
d e s i g n a t i o n  errors are introduced through the LPD ope ra t ion ,  t h e  
overall p r o b a b i l i t y  of reaching T must n e c e s s a r i l y  be reduced. 
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The e r r o r s  i n  r edes iqna t ion  l i m i t  t h e  a r e a  i n  P from which a 
r edes igna t ion  t o  T can be considered 1.00% s u c c e s s f u l  t o  a 
smaller reg ion  near  T a s  shown i n  Fiqure 6 .  Various changes i n  
t h e  r edes igna t ion  procedure such as r edes igna t ing  a t  t h e  o p t i -  
mum a l t i t u d e  f o r  each designated landing p o i n t  A r a t h e r  than a t  
some p r e s e l e c t e d  a l t i t u d e ,  b i a s ing  the  i n i t i a l  aim n o i n t  d i f -  
f e r e n t l y ,  o r  using m u l t i p l e  redes igna t ions  t o  c o r r e c t  f o r  pre- 
v ious  errors can be implemented i n  order  t o  reduce t h e  e f f e c t s  
of LPD e r r o r s .  These procedures can i n c r e a s e  t h e  a r e a  of 1 0 0 %  
s u c c e s s f u l  r edes igna t ions .  However, t h i s  a r e a  can never exceed 
t h a t  of R s i n c e  a l l  t h e  procedures designed t o  reduce LPD e r r o r  
e f f e c t s  depend e i t h e r  on using less than t h e  e n t i r e  r edes igna t ion  
delta-V budget a t  t h e  e a r l i e s t  oppor tun i ty ,  i n  which case  it 
would be impossible  t o  redes igna te  t o  a p o i n t  i n  T from a de- 
s i g n a t e d  p o i n t  A on or  near  the boundary of R ,  o r  on b i a s i n g  t h e  
i n i t i a l  a i m  p o i n t  t o  a p o i n t  o t h e r  than t h a t  which maximizes t h e  
p r o b a b i l i t y  of landing i n  R.  

F igures  l a ,  l b  and 5 show t h a t  bo th  r edes iqna t ion  
c a p a b i l i t y  and LPD errors inc rease  with t h e  a l t i t u d e  of redesigna-  
t i o n .  The i n c r e a s e  i n  redes igna t ion  c a p a b i l i t y  tends  t o  increase 
t h e  p r o b a b i l i t y  of  success  w h i l e  t h e  increase i n  LPD e r r o r s  t ends  
t o  decrease  it. I n  o rde r  t o  determine whether t h e r e  e x i s t s  a n  
optimum a l t i t u d e  a t  which the r edes igna t ion  should be made, t h e  
p r o b a b i l i t y  of landing i n  the  t a r q e t  area w a s  c a l c u l a t e d  f o r  re- 
des igna t ions  a t  d i f f e r e n t  a l t i t u d e s  f o r  s e v e r a l  landing t a r g e t  
a r e a  r a d i i  and s e v e r a l  redes igna t ion  delta-V budgets usinq t h e  
Apollo 11 landing e r r o r  e l l i p s e  (gx  = 6 4 8 1  f t . , a  = 2836 f t . 1 .  
The r e s u l t i n q  p r o b a b i l i t i e s  a r e  given i n  F iqure  7 a long wi th  t h e  

p r o b a b i l i t y  of success  increased with a l t i t u d e  up t o  t h e  l i m i t  
of 5 , 0 0 0  f t .  So f o r  a s i n g l e  r edes igna t ion  a t  a p re sc r ibed  a l t i -  
t ude ,  t h e  optimum a l t i t u d e  of r edes igna t ion  w i t h i n  t h e  al lowable 
l i m i t s  i s  5 , 0 0 0  f t .  bo th  for  e x a c t  r edes igna t ions  and f o r  those  
inc lud ing  LPD e r r o r s .  

Y 
---^ p~ubabilities f o r  sfi exact redesignation, Fnr a l l  cases, t h e  

C a s e s  of Greatest LPD Error  E f f e c t s  

The d i f f e r e n c e  between t h e  p r o b a b i l i t y  curve f o r  an 
exact r edes igna t ion  and t h e  p r o b a b i l i t y  curve f o r  a redesigna-  
t i o n  inc lud ing  LPD errors as  shown i n  F igure  7 r e p r e s e n t s  t h e  
r educ t ion  i n  t h e  p r o b a b i l i t y  of s u c c e s s f u l l y  landing  i n  T due 
t o  LPD errors for a s i n g l e  redes igna t ion  a t  a p re sc r ibed  a l t i t u d e .  
The magnitude of t h e  p r o b a b i l i t y  loss  due t o  LPD e r r o r s  i s  seen 
t o  i n c r e a s e  w i t h  a l t i t u d e  and t o  decrease  as A i n c r e a s e s  u n t i l  
f o r  A g r e a t e r  t han  about 1 0 , 0 0 0  f t .  t h e  l o s s  i s  n e g l i g i b l e .  This  
p r o b a b i l i t y  loss i n d i c a t e s  those cases  i n  which more complex re- 
des igna t ion  procedures  designed t o  reduce LPD e r r o r  e f f e c t s  could 
b r i n g  about  s i g n i f i c a n t  b e n e f i t s  i n  t h e  form of inc reased  o v e r a l l  
p r o b a b i l i t y  of s u c c e s s f u l l y  landing i n  t h e  t a r g e t  a r e a .  Making 
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a r e d e s i g n a t i o n  a t  t h e  optimum a l t i t u d e  f o r  each des igna ted  
landing  p o i n t  A or  using mul t ip l e  r edes igna t ions  w i l l  g i v e  pro- 
b a b i l i t i e s  g r e a t e r  than those  of a s i n g l e  r edes igna t ion  a t  a 
p r e s c r i b e d  a l t i t u d e  y e t  less than  t h e  maximum p r o b a b i l i t y  ob- 
t a i n e d  from an e x a c t  r edes igna t ion  a t  t h e  g r e a t e s t  pe rmis s ib l e  
a l t i t u d e .  Thus, these more complex procedures  w i l l  be  p r o f i t a b l e  
only when t h e  p r o b a b i l i t y  loss due t o  LPD errors i s  s i g n i f i c a n t .  

The magnitude of LPD e r r o r  e f f e c t s  depends on t h e  
p a r t i c u l a r  combination of landing t a r g e t  r a d i u s ,  r edes igna t ion  
d e l t a - V ,  u x ,  u and t h e  a l t i t u d e  of r edes igna t ion  for  any g iven  
case. S ince  LPD error e f f e c t s  i n c r e a s e  w i t h  t h e  a l t i t u d e  of  re- 
d e s i g n a t i o n ,  i n  determining t h e  changes i n  LPD e r r o r  effects  due 
t o  t h e  other parameters ,  redes igna t ions  w e r e  assumed t o  be made 
a t  5 , 0 0 0  f t . ,  t h e  maximum al lowable a l t i t u d e .  I n  F igu res  8a,  b ,  
and c,  p r o b a b i l i t y  curves  are p l o t t e d  fo r  both  e x a c t  redesigna-  
t i o n s  and those inc lud ing  LPD error as func t ions  of A ,  redesigna-  
t i o n  delta-V, and ux or u for d i f f e r e n t  combinations of t h e  re- 
maining parameters .  The magnitude of t h e  loss i n c r e a s e s  f o r  de- 
c r e a s i n g  A ,  and f o r  A less than about  1 , 0 0 0  f t . ,  t h e  i n c r e a s e  i n  
LPD error e f f e c t s  i s  very marked. V a r i a t i o n s  i n  t h e  s i z e  of t h e  
r e d e s i g n a t i o n  delta-V budget o r  t h e  s i z e  or shape of t h e  LM landing 
error e l l i p s e  do n o t  affect  t h e  magnitude of t h e  p r o b a b i l i t y  loss 
g r e a t l y  excep t  i n  those  cases  where A i s  less than 1 , 0 0 0  f t .  T h e  
tendency i s  fo r  t h e  magnitude of t h e  p r o b a b i l i t y  loss t o  i n c r e a s e  
as r e d e s i g n a t i o n  delta-V inc reases  o r  t h e  landing e r r o r  e l l i p s e  
decreases. T h i s  trei-id reaches a p c i n t  of diminishing re t l~rns ,  
however, as t h e  va lue  of the p r o b a b i l i t y  becomes high.  

Y '  

Y 

msoliite probability differences are  ~ n t  a l w a y s  meaning- 
f u l ,  however, s i n c e  a given d i f f e r e n c e  i n  magnitude i s  much more 
s i g n i f i c a n t  a t  a h igh  p r o b a b i l i t y  than a t  a l o w  one. Thus, another  
measure of LPD error effects ,  D ,  w a s  derived and i s  g iven  by 

- 
'w/o errors ' w i t h  e r r o r s  

D =  

- ' w i t h  errors 

where P r e p r e s e n t s  p r o b a b i l i t y .  I n  F igures  9a, b ,  and c,  D i s  
p l o t t e d  vs. A ,  r edes igna t ion  d e l t a - V ,  and uX or u 
plotted i n  F igures  8. 
error effects become more s i g n i f i c a n t  as r edes igna t ion  d e l t a - V  
i n c r e a s e s  and t h e  landing error e l l i p s e  decreases .  
a g a i n  t h a t  LPD error effects become much more s i g n i f i c a n t  f o r  A 
less than  1 , 0 0 0  f t .  

for  t h e  cases 
Y 

Using t h i s  measure it i s  apparent  t h a t  LPD 

Figure  9a shews 
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REDUCTION O F  LPD ERROR EFFECTS 

More E f f i c i e n t  Redesiqnation Procedures 

The p r o b a b i l i t y  loss due t o  LPD error e f f e c t s  which 
was p rev ious ly  c a l c u l a t e d  w a s  based on the d i f f e r e n c e  between 
a s i n g l e ,  exac t  r edes igna t ion  and a s i n g l e  r edes igna t ion  i n -  
c lud ing  LPD e r r o r s  made a t  a given a l t i t u d e .  I n  t h e  presence 
of LPD e r r o r s ,  a redes iqna t ion  procedure i n  which t h e  redes iq-  
n a t i o n  i s  made a t  a g iven ,  p re se l ec t ed  a l t i t u d e  i s  n o t  t h e  most 
e f f i c i e n t  procedure.  I n  t h i s  case, no cons ide ra t ion  i s  s i v e n  
t o  t h e  l o c a t i o n  of t h e  a c t u a l  des iqna ted  landing p o i n t  a t  t h e  
t i m e  of r edes igna t ion .  For  designated landing p o i n t s  close t o  
t h e  d e s i r e d  t a r g e t  p o i n t ,  a redes igna t ion  t o  t h e  d e s i r e d  p o i n t  
a t  5 , 0 0 0  f t .  w i l l  n o t  u s e  t h e  budgeted r edes iqna t ion  delta-V t o  
i t s  greatest  advantage. A more e f f i c i e n t  procedure would be 
e i t h e r  t o  w a i t  and redes igna te  a t  a l o w e r  a l t i t u d e  where LPD 
errors are sma i l e r  o r  t o  u s e  only a p a r t  of t h e  r edes igna t ion  
del ta-V,  saving t h e  rest  t o  use  i n  making l a t e r  r edes igna t ions  
t o  correct any e r r o r s  which have a r i s e n .  

Redesiqnation a t  A l t i t ude  which Maximizes P r o b a b i l i t y  

F igure  1 0  shows t h e  proper  a l t i t u d e  of  r edes igna t ion  
f o r  des igna ted  landing  p o i n t s  d i s t r i b u t e d  over  t h e  s u r f a c e ,  
assuming a r edes igna t ion  procedure i n  which a s i n g l e  redesigna-  
t i o n  i s  made a t  t h a t  a l t i t u d e  f o r  which t h e  p r o b a b i l i t y  of landing  
i n  T i s  a maximum f o r  each designated landing p o i n t .  I n  t h i s  c a s e ,  

- r e d e s i g n a t i o n  delta-V = 4 0 0  f p s . ,  A = 500 ft., 5 = 6 4 8 1  f t . ,  - 
2836 ft. L \ U L t =  U l d L  55 desigiiated 13nding p o i n t s  rnC)Vn, frzrther ;..ray 

X 
. 1 - L -  L L - l  

from T t h e  optimum a l t i t u d e  of r edes igna t ion  increases up t o  t h e  
m a x i m u m  of 5 , 0 0 0  f t .  I n  gene ra l ,  r edes igna t ions  are d i r e c t e d  as . 
close t o  t h e  center of t h e  t a r g e t  a r e a  as p o s s i b l e  wi th in  t h e  re- 
d e s i g n a t i o n  c a p a b i l i t y ,  and the  optimum a l t i t u d e  of r edes igna t ion  
i s  approximately t h a t  a t  which a r edes igna t ion  t o  t h e  c e n t e r  of T 
r e q u i r e s  use of  t h e  e n t i r e  redes igna t ion  delta-V budget. 

Double Redesiqnat ions 

A double redes igna t ion  procedure was a l s o  examined. I n  
t h i s  case  r edes igna t ions  were made a t  a l t i t u d e s  of 5 , 0 0 0  f t .  and 
1 , 0 0 0  f t .  A t  5 ,000 f t .  t h e r e  i s  a unique r edes igna t ion  procedure 
fo r  every des igna ted  landing p o i n t  A which w i l l  maximize t h e  pro- 
b a b i l i t y  of landing  i n  T.  T h i s  procedure i s  def ined  by t h e  d i r e c -  
t i o n  and magnitude of t h e  redes igna t ion  t o  be made. L e t  K be  t h e  
f r a c t i o n  of the redes igna t ion  delta-V budget t o  be used i n  t h i s  
first redes igna t ion .  A new aim p o i n t  B which i s  wi th in  t h e  redes ig-  
n a t i o n  c a p a b i l i t y  of t h e  delta-V t o  be used a t  5 ,000  f t .  should be 
chosen so  t h a t  t h e  p r o b a b i l i t y  of landing  i n  t h e  area R de f ined  by 
t h e  r a d i u s  of t h e  landing t a r g e t  and t h e  r edes igna t ion  c a p a b i l i t y  
of t h e  remaining redes igna t ion  delta-V a t  an a l t i t u d e  of 1 , 0 0 0  f t .  
i s  maximized. This  procedure i s  i l l u s t r a t e d  i n  Figure 11. The 
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r e d e s i g n a t i o n  a t  1 , 0 0 0  f t .  i s  d i r e c t e d  as c l o s e  t o  t h e  cen te r  
of T a s  i s  p o s s i b l e  using only l e f t  and downrange redesiqna-  
t i o n s .  T h i s  f i n a l  redes igna t ion  i s  assumed t o  be exac t  s i n c e  
t h e  3a error involved i n  LPD opera t ions  a t  t h i s  a l t i t u d e  i s  
only  about  325 f t .  downrange and 90 f t .  crossrange.  This  e r r o r  
i s  assumed t o  be less than the  t r a n s l a t i o n a l  c a p a b i l i t y  a v a i l -  
a b l e  dur ing  t h e  manually c o n t r o l l e d  hover per iod  i m e d i a t e l y  
b e f o r e  touchdown. For every A t h e r e  i s  an optimum va lue  of K 
and a new a i m  p o i n t  a s soc ia t ed  wi th  t h a t  K such t h a t  t h e  proba- 
b i l i t y  of  reaching T i s  maximized. The i n i t i a l  aim p o i n t  0 i s  
chosen t o  maximize t h e  o v e r a l l  p r o b a b i l i t y  of landing i n  T f o r  
a l l  A.  

F igure  1 2  shows t h e  optimum redes igna t ion  procedure 
fo r  des igna ted  landing p o i n t s  d i s t r i b u t e d  over t h e  s u r f  ace.  
The arrows i n d i c a t e  t h e  p o i n t  t o  which t h e  i n i t i a l  redesiqna-  
t i o n  should be made. I n  t h i s  case, r edes igna t ion  delta-V = 
30 f p s ,  A = 1,600 f t . ,  o = 6 4 8 1  f t . ,  u = 2836 f t .  N o t e  t h a t  
as des igna ted  landing p o i n t s  move f u r t h e r  away from T ,  t h e  
f r a c t i o n  of r edes igna t ion  delta-V t o  be used i n  t h e  f i r s t  re- 
d e s i g n a t i o n  becomes g r e a t e r .  Redesignations should be made i n  
t h e  g e n e r a l  d i r e c t i o n  of t h e  cen te r  of t h e  t a r g e t  a r e a  wi th  
somewhat more emphasis on r edes igna t ion  i n  t h e  d i r e c t i o n  of 
greatest  c a p a b i l i t y ,  uprange f o r  r edes igna t ion  delta-V budgets 
g r e a t e r  t han  about 200 f p s  and c ross range  f o r  sma l l e r  delta-V 
budgets  . 

X Y 

Evalua t ion  of Redesignation Procedures 

The t & l P _  FleSpfited in I”igcr- 1 2  g j T - 7 - S  pr&ah i l i t y  
va lues  f o r  a s i n g l e  r edes igna t ion  wi thout  error made a t  5 , 0 0 0  f t . ,  
a s i n g l e  r edes igna t ion  with LPD e r r o r s  made a t  5,000 f t . ,  a 
s i n g l e  r edes igna t ion  wi th  LPD errors made a t  the optimum a l t i t u d e  
f o r  each des igna ted  landing p o i n t ,  and a double r edes igna t ion  
w i t h  LPD errors. Severa l  combinations of A ,  r edes igna t ion  del ta-V,  
CJ and 0 w e r e  examined. Note t h a t  t h e  double r edes iqna t ion  and 
t h e  s i n g l e  r edes igna t ion  a t  t h e  optimum a l t i t u d e  both  g i v e  b e t t e r  
p r o b a b i l i t y  of success  than a s i n g l e  r edes igna t ion  a t  a g iven  
a l t i t u d e  s i n c e  they both lessen  LPD error e f f e c t s  somewhat. How- 
e v e r ,  n e i t h e r  procedure g ives  a p r o b a b i l i t y  g r e a t e r  than t h e  s i n g l e  
e x a c t  r edes igna t ion  which r ep resen t s  t h e  upper bound of p r o b a b i l i -  
t ies i n  each case. I t  appears a l s o  t h a t  t h e  double r edes iqna t ion  
procedure  corrects f o r  LPD errors very w e l l  and g i v e s  p r o b a b i l i t i e s  
close t o  those of an exact redes igna t ion .  It seems reasonable  t o  
e x p e c t  t h a t  a procedure involving three o r  fou r  r edes iqna t ions  
would ra ise  t h e  p r o b a b i l i t y  even c l o s e r  t o  t h a t  of an e x a c t  re- 
d e s i g n a t i o n  a t  t h e  c o s t  of increased  c r e w  t a s k  loading.  

X‘ Y 
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CONCLUSIONS 

Errors  i n h e r e n t  i n  t h e  ope ra t ion  of t h e  LPD reduce 
the  p r o b a b i l i t y  of success fu l ly  landing  i n  a c i r c u l a r  t a r g e t  
area us ing  landing  F o i n t  redes igna t ion .  Redesignation pro- 
cedures  more complex than j u s t  a s i n g l e  r edes igna t ion  made a t  
a p r e s c r i b e d  a l t i t u d e  may be  used  t o  h e l p  compensate for  these 
errors. Mul t ip l e  redes igna t ions  and r edes igna t ions  made a t  
the  optimum a l t i t u d e  f o r  each des igna ted  landing p o i n t  a r e  
e f f e c t i v e  means of reducing LPD e r r o r  effects .  These more com-  
p l e x  procedures  w i l l  be w o r t h w h i l e ,  however, only when t h e  
p r o b a b i l i t y  loss due t o  LPD errors i s  s i g n i f i c a n t .  The effect  
of  LPD errors i s  t h e  g r e a t e s t  for  cases i n  which t h e  landing  
t a r g e t  area i s  s m a l l ,  the automatic landing error e l l i p s e  i s  
s m a l l ,  and t h e  r edes igna t ion  d e l t a - V  budget i s  l a r g e .  T h i s  
i s  n o t  t o  say  t h a t  s m a l l  landing error e l l i p s e s  and l a r g e  
r e d e s i g n a t i o n  delta-V budgets should be avoided, s i n c e  it i s  
i n  these cases t h a t  t he  p r o b a b i l i t y  of success  i s  g r e a t e s t .  
Rather ,  it i s  i n  these cases t h a t  a more complex r edes igna t ion  
procedure i s  m o s t  l i k e l y  t o  be warranted i n  o rde r  t o  compensate 
f o r  i nc reased  LPD error e f f e c t s .  I t  i s  also possible ,however ,  
t h a t  there are cases i n  which the  e r r o r  e f f e c t s  are s m a l l  enough 
Lhat a r edes igna t ion  procedure more complex than  a s i n g l e  redesig- 
n a t i o n  a t  a g iven  a l t i t u d e  would n o t  be worthwhile. 

20 13-KPK- j ab 
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FIGURE 8a - PROBABILITY OF LANDING IN TARGET WITH AND WITHOUT LPD ERRORS 
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FIGURE 8b - PROBABILITY OF LANDING IN TARGET WITH AND WITHOUT LPD ERRORS 
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FIGURE 8c - PROBABILITY OF LANDING IN TARGET WITH AND WITHOUT LPD ERRORS 
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